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Leptonic Decay

® Standard branching fraction for Dy — [v is

2

2
" m
B(DS — KV) — > Sflz)s ‘GFVCSmg‘Z (1 ng )
Dy

where the decay constant fp, is defined by
(Ol5Y,¥5¢|Ds(p)) = ifp, Py

® Usually experiments quote fp;.
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Semileptonic Decay

® Standard differential rate for D — Kpuv is

2

_ — PS | PS
dqz 19272 +‘f+(q )‘ mlz) O‘fo(q )|

where the form factors are defined by
(K (k)[s¥'c|D(p)) = (p+ k) f+(q°) +4" fo(q?),
and ¢ - (p—l—k)L = 0.

® Experiments quote either [Vl or f1(0).

Tuesday, September 16 , 2008




® Standard decay amplitudes are tree-level,
W-mediated.

® Non-Standard amplitudes would have to be
large to be noticeable.

® Non-Standard models are popular only if
they are predictive, hence constrained.

® New physics is implausible, so hlv are used
to determine CKM, and [v to test latQCD.
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But something funny happened ...

l olld (PlDG)l ¥%/dof = 0.67
o uv
o fthQCD BaBar
' CLEO
Belle
o | CLEO v
CLEO evv
el - Fermilab/MILC
+ HPQCD

200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350

fDS

a 3.80 discrepancy, or 2.70 @ 2.90.
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With CLEO’s (our) update from FPCP (Lat08)...

o PDG v2/dof = 0.13
® uwv
o fthQCD o | BaBar
CLEO
Belle
CLEO v
CLEO evv
o Fermilab/MILC
HPQCD

200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350

fDS

a 3.50 discrepancy, or 2.90 @ 2.20.
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Experiments

Measurements by BaBar, CLEO, Belle do
not depend on models™ for interpretation
of the central value or the error bar.

CLEO and Belle have absolute B(D; — [v).

Hard to see a misunderstood systematic.

Could all fluctuate high?

* except the Standard Model!



Last CLEO-c Event
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CKM

® Experiments take |Vl from 3-generation
unitarity, either with PDG’s global CKM fit

or setting |V, = 1V,4. No difference.

® Even n-generation CKM requires |Vl < 1;
would need |V > 1.1 to explain effect.
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Radiative Corrections

® Fermi constant Gr from muon decay, so its
radiative corrections implicit in uv and tv.

® Standard treatment [Marciano & Sirlin] has
a cutoff, set (for fx) to m,. Only 1-2%.

® More interesting is Dy — D}y — uvy, which
is not helicity suppressed. Applying CLEO’s
cut 1% for uv [Burdman, Goldman, Wyler].

® Only 9.3 MeV kinetic energy in D; — tv.
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Elements of HPQCD

® Staggered valence quarks
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HISQ (highly improved staggered quark) action;
discretization errors O(asa?), O(a%);
absolutely normalization from PCAGC;
less taste breaking;

tiny statistical errors: 0.5% on fps.
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® 2+| rooted staggered sea quarks:
® | uscher-Weisz gluon + asqtad action;
® discretization errors O(0a?), O(a*);

® discretization errors cause small
violations of unitarity, controllable by
chiral perturbation theory.

® Combined fit to a?, msea, Mva dependence:

not fully documented, but irrelevant for fp;.
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Assuming flat in mea.
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As the lattice gets finer, the discrepancy grows:

290 T
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MeV

1 slope is
1 O(asmeAa?)
1 as expected

HPQCD
24113
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linear in a?: 239; quad in a?: 242;
linear in a*: 245.
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If m. (set from 1) were retuned to flatten this,
fps (at a # 0) would not change much.
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Error Budget

fK/f7T fK f77' st/fD st fD AS/Ad
r1 uncerty. 0.3 1.1 14 04 1.0 14 0.7
a’ extrap. 0.2 02 02 04 05 06 05
Finite vol. 0.4 04 08 073 0.1 03 0.1
m, 4 extrap. 0.2 0.3 04 0.2 0.3 04 02
Stat. errors 0.2 04 05 0.5 0.6 0.7 0.6
m, evoln. 0.1 0.1 0.1 0.3 0.3 03 0.5
m,4, QED, etc. 0.0 0.0 00 0.1 0.0 0.1 0.5
Total % 0.6 1.3 1.7 09 1.3 1.8 1.2

charmed sea
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< 1%?
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Other Results

what expt HPQCD

MJjy — Mye | 18.1 |11 £ 5% MeV
MpDd 1869 1868 £ 7 MeV
MDs 1968 1962 £ 6 MeV

IANVIAY, 1.260 £ 0.002 1.252 £ 0.015
fx 130.7 + 0.4 132 4 2 MeV
Tk 159.8 £ 0.5 |57 £ 2 MeV
b 205.8 + 8.9° 207 £ 4 MeV

"CLEO new  fannihilation corrected
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BSM

If measurement, radiative corrections, and
the SM calculation are in order ...

... the discrepancy could stem from non-
Standard physics.

How wacky could it be!?

It turns out particles that are already being
considered can do the trick.
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Effective Lagrangian

® The new particles will be heavy. Write

Lest = M™2Cy(8Y"¥5¢) (VLYulL) +M~>Cp(5y5c) (Vilr)
— M2 (') (Voplr) + M2Ch(5¢) (VLlk)
+ M *Cr (56" ¢) (VL0 uwiR)

with left-handed neutrinos only.

® First two: leptonic; last three: semileptonic.
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Because V. has a small imaginary part (in
PDG parametrization), to explain the effect

one of C4, Cp must be real and positive.

To reduce each effect to 10,

M o 710 GeV forl ==z
(ReC{)1/2 ™~ | 850GeV forl=p

M o 920 GeV for/l =1
(ReCp)1/2 ™~ | 4500 GeV forl=pu
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New Particles

® [he effective interactions can be induced
by heavy particles of charge +1, +2/3,—-1/3.

c (+1) I C\/V C\/ﬁ
_ > ----- < P23 Y1
YN

® Charged Higgs, new W'; leptoquarks.
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Leptonic Decay

® |n the amplitude, replace

)
CPmDS

>k * 1
GrV..m; — GpV_ m; \/§M2 (C,{xml |

M, -+ My

so C4 can be [ independent and still cause
the same shift in both modes.
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WI

Contributes only to C4 and Cy.

New gauge symmetry, but couplings to left-
handed leptons constrained by other data.

If Wand W' mix, electroweak data imply it’s
too weak to affect D; — [v.

Seems unlikely, barring contrived, finely
tuned scenarios.
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Charged Higgs

® Multi-Higgs model

s include Yukawa terms

VeCrRSLH T +ysCrsrH ™ +y Vi lgkH™ +H.c.,

(mass-eigenstate basis) leading to

Cps = 5 Vi Ty )ye,  M=My:

o Vci (mC 2

-, tan® B)my in Model Il

® Note that Cps can
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have either sign.
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® But consider a two-Higgs-doublet model
® one for ¢, u, [, withVEV 2 GeV or so;
® other for d, s, b, t, withVEV 245 GeV.

® No FCNC; CKM suppression.

® Need to look at one-loop FCNCs.

® Naturally has same-sized increase for u & 7.
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® This model predicts a similarly-sized
deviation in D — [v, so it is now disfavored:

Illlllllllllllllllll IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

® uwv
m 1atQCD

CLEO: 205.8+8.9 MeV

[arXiv:0806.2112]
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| Lat ’08 Fermilab/MILC: 207211 MeV
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Leptoquarks

Color triplet, scalar doublet with Y =+7/6
has a component with charge O = +2/3.

Dobrescu and Fox use this in a new theory
of fermion masses [arXiv:0805.0822].

Leads to Ca=Cy=0,Cp=Cs=4Cr of any
phase, and no connection between u & T.

LFV T — uss disfavors this.



® |FV 1 — uss disfavors any leptoquark with
a charge +2/3 component:

® /=1,(3,3,+2/3)and (3, 1, +2/3)

e /=0,(3,3,-1/3)
T —~— s
< :

u
® Way out: two leptoquarks, little mixing.
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® But/J=0,(3,1,-1/3) seems promising:

~/

Kg(Esz—EL\/ic)d K% ERK%CZ H.c.

(an interaction in R-violating SUSY), with

Ca=Cy = |

Cp=C§ = LK) = —2Ck

|
N

o If |} /x| < mym/mp, , then automatically
the interference is constructive and creates
the same per-cent deviation for uv and tv.
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Semileptonic Decay

— = PS GrVes
o) 2
2812 | M Cy q Cs
+ PS — | GV, - |
oolfol¢™)! mp ( rre \/§M2> mp(me —myg) \/2M?

my, - Gy Cr
— PS7+Br(q%) f1(q )4mD Re _(GFVCS | \/§M2> V2M?
m el (s &) G
— PS70 Br(q*) folq )4mp Re <GFVCS | \fM2> ﬁMz_}

® ('y causes an effect comparable to /v, but
Cs and Cr could hide: m,/mp = 0.057
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Measuring D — Kuv

® Effective couplings in semileptonic and
leptonic decays are related.

® Observing SM rate for D — Kuv would
favor shift via Cp, w/ Cs & Cr shifts hiding.

® For leptoquarks implies the Yukawa matrix
is “‘just so, to give D —= uv & D — 1V.
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® Observing excess in D — Kuv would favor

model with naturally same-sized effects in
Ds — nv, tv.

® Current status:

£.(0) = 0.765(9)  [CLEO]

f+(0) = 0.727(13) [BaBar]

£.(0) = 0.695(23) [Belle]

f+(0) = 0.747(7)  [expt. avg.]
f+(0) = 0.73(8) [Fermilab/MILC]
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Leptoquarks

® | eptoquarks come with Yukawa matrices:
® no relation between ¢ and b couplings;

® aesthetically unappealing.

® |f a signal is real, aesthetics are a secondary
problem.

® |f coupling to |st generation is small, these
leptoquarks evade Tevatron bounds.
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LHC

® The generic bounds on mass/coupling

suggest that any non-Standard explanation
of the effect is observable at the LHC.

® Charged Higgs: similar to usual search.

® | eptoquarks: gg — dd — K}Léz_jcjc, where
leptons are U or T.
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Perspective

® The fp, puzzle is intriguing.

® More calculations of fp; and form factors
(f+, fo, and Br) needed—

® with nr=2+1 or 2+1+|1.
® CLEO has more data to analyze.

® BES just started: D & Dy after ) runs.
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